Objectives-To compare 18-to 22-month cognitive scores and neurodevelopmental impairment (NDI) in 2 time periods using the National Institute of Child Health and Human Development's Neonatal Research Network assessment of extremely low birth weight infants with the Bayley Scales of Infant Development, Second Edition (Bayley II) in 2006-2007 (period 1) and using the Bayley Scales of Infant and Toddler Development, Third Edition (Bayley III), with separate cognitive and language scores, in 2008-2011 (period 2).
Conclusion-Whether the Bayley III is overestimating cognitive performance or whether it is a more valid assessment of emerging cognitive skills than the Bayley II is uncertain. Because the Bayley III identifies significantly fewer children with disability, it is recommended that all extremely low birth weight infants be offered early intervention services at the time of discharge from the neonatal intensive care unit, and that Bayley scores be interpreted with caution.
Extremely preterm (PT) infants are at increased risk for cognitive impairments. The most common individual severe impairment identified using the standard composite outcome of neurodevelopmental impairment (NDI) for extremely low birth weight (ELBW) infants at age 18 and 30 months is cognitive impairment, defined as a score >2 SD below the mean (<70). [1] [2] [3] [4] [5] Early developmental/cognitive function of PT children has traditionally been assessed using the Bayley Scales of Infant Development. 6, 7 Updates of developmental tests such as the Bayley Scales are standard because of steadily increasing scores over time (3 points per year), a phenomenon known as the Flynn effect. 8 There is some evidence of this effect. A report from the Eunice Kennedy Shriver National Institute of Child Health and Human Development Neonatal Research Network (NRN) on Bayley scores of infants born at gestational age (GA) <32 weeks demonstrated increasing scores between 1993 and 1998. 3 A limitation of the Bayley Scales of Infant Development, Second Edition (Bayley II) is its inclusion of only 2 developmental scores, the Mental Developmental Index (MDI), a composite of cognitive, receptive language, and expressive language tasks, and the Psychomotor Developmental Index (PDI), a composite of fine and gross motor skills. This limitation contributed to the development of the Bayley Scales of Infant and Toddler Development, Third Edition (Bayley III), 7 which contains 3 individual developmental scores: a cognitive composite score (Cog), a language composite score (with receptive and expressive subscores), and a motor composite score (with gross and fine motor sub-scores), in addition to social-emotional and adaptive behavior domains. This allows the examiner to identify a deficit in a specific developmental domain as well as relative strengths and challenges. It was expected that separating the language scores from the Cog score might result in higher cognitive scores.
The National Institute of Child Health and Human Development's NRN has been reporting on the outcomes of ELBW infants (birth weight <1000 g) with the Bayley II since 1993. The NRN converted to the Bayley III in January 2008. This change in protocol provides an opportunity to compare rates of low (<2 SD) Bayley II MDI scores and low Bayley III Cog scores.
The objectives of the present study were (1) to compare cognitive outcomes in infants born at a GA of ≤26 6/7 weeks and a birth weight of ≤1000 g and assessed during period 1 (2006-2007) using the Bayley II and in infants assessed during period 2 (2008-2011) using the Bayley III; (2) to explore the utility of a threshold of <70 versus <85 on the Bayley III to reflect impairment; and (3) to compare the association of major neonatal morbidities with NDI rates between period 1 and period 2. We hypothesized that cognitive scores would be higher and NDI rates lower in period 2, and that the Bayley III would have comparable performance to the Bayley II in identifying an increased risk of NDI in infants with major neonatal morbidities.
Methods
This was a retrospective cohort study of ELBW infants with a birth weight of 401-1000 g and born at a GA of <27 weeks who were admitted to one of 20 neonatal intensive care units in the NRN and underwent comprehensive neurologic and developmental assessments at 18-22 months corrected age (CA) during calendar years 2006-2011. The infants were categorized into 2 groups, those assessed during period 1 using the Bayley II (n = 1012) and those assessed during period 2 using the Bayley III (n = 1616). In addition, to address potential differences in factors other than Bayley scores that could affect the rate of NDI, we used propensity score matching with SAS software (SAS Institute, Cary, North Carolina) 9 to select sub-samples of children from the 2 time periods who were similar based on the following characteristics: maternal age, education, race, public insurance coverage, antenatal steroid use, cesarean delivery, birth weight, GA, multiple birth, child's sex, intraventricular hemorrhage (IVH)/periventricular leukomalacia (PVL), necrotizing enterocolitis (NEC), sepsis, broncho-pulmonary dysplasia (BPD), retinopathy of prematurity (ROP), postnatal steroid use, number of days on ventilation, duration of hospital stay, adjusted age at followup assessment, cerebral palsy (CP), vision impairment, hearing impairment, and research center. These matched samples included 922 children from each time period for a total sample of 1844.
All maternal and neonatal data, treatments, and clinical outcomes are prospectively collected in the NRN generic database. Centers participating in the NRN received local Institutional Review Board approval for data collection. Trained research coordinators obtained data based on the definitions listed in the NRN Manual of Operations. The effects of 4 major neonatal risk factors (brain injury, defined as IVH grade 3-4 or cystic PVL; BPD; NEC; and sepsis) on NDI rates were examined. BPD was defined as treatment with supplemental oxygen at 36 weeks gestation. IVH grade 3-4 was based on the Papile classification scheme, 10 and represents the maximum grade noted on cranial ultrasound before discharge. Cystic PVL was based on the reported head ultrasound examination. Sepsis was combined early-onset sepsis (≤72 hours) and/or late-onset sepsis (>72 hours) based on positive blood cultures, and NEC was defined as modified Bell classification stage II A or higher.
The follow-up evaluation included neurologic, hearing, vision, and developmental assessment. The NRN has protocols in place for annual training of all examiners to ensure reliability of all study assessments. 11 The neurologic examination, based on the Amiel-Tison assessment scheme, 12 includes an evaluation of tone, strength, reflexes, angles, and posture. CP was defined as a nonprogressive central nervous system disorder characterized by abnormal muscle tone in at least one extremity and abnormal control of movement and posture. Hearing status was obtained by parental history, and hearing impairment was confirmed by audiologic testing. A history of eye examinations and procedures since initial discharge was obtained, and a standard eye examination was completed. Blindness was defined as bilateral corrected vision of worse than 20/200. Development was assessed with the Bayley II in period 1 and the Bayley III in period 2. Both tests have a mean score of 100 ± 15. A score <70 (>2 SD below the mean) indicates significant delay, and a score of <85 (>1 SD below the mean) indicates at least mild to moderate delay. The Bayley III manual documents the establishment of content, criterionrelated and construct validity. A standardization sample of 1700 children for the Bayley III was reported to be representative of the 2000 US Census population survey data for parent education, ethnicity, and geographic location. Children with a history of PT birth or cognitive, physical, or behavioral issues composed 10% of the sample. The percentage of PT or low birth weight infants in the standardization sample of 1700 was limited, however, and included 85 infants (5%) aged <37 weeks tested between 2 months and 42 months CA, or 2.3% during each time period. Although the Bayley III encompasses cognitive, language, motor, social-emotional, and adaptive behavior dimensions, the NRN made the decision to not use the social-emotional and adaptive behavior interviews because of time constraints. Children who could not be assessed due to severe developmental delay were assigned Bayley II MDI and PDI scores of 49 (>3 SD below the mean and the lowest score) and a Bayley III Cog score of 54 (>3 SD below the mean and the lowest score).
The NRN has used a standard definition for the composite outcome NDI. The initial definition of NDI (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) included the presence of any of the following: Bayley MDI <70, Bayley PDI <70, moderate to severe CP, bilateral blindness, or bilateral hearing loss requiring amplification. Table I (available at www.jpeds.com) presents these definitions. The primary difference between the 2 time periods was the Bayley assessment. During period 1, the developmental assessment included both MDI and PDI scores. During period 2, the Cog score was included, but the language score was not. Second, the Bayley III motor composite scale initially was not administered during period 2 because of time constraints, and the Palisano Gross Motor Function Classification System (GMFCS), which assesses gross motor function but not fine motor function, was included. In January 2010, the assessment was expanded to include the Bayley III motor composite score; 596 of the 1616 children in period 2 underwent the motor composite assessment. Children with amplification for hearing loss who were able to follow directions and communicate with the examiner were not classified as impaired during period 2 (n = 29). For this report, however, we used the period 1 definition of bilateral hearing loss for both cohorts in our analyses.
Statistical Analyses
Bivariate analyses were conducted to compare children in the 2 study periods, with the 2 test used to compare categorical variables and ANOVA used to compare continuous variables. Similar analyses were conducted to compare development, motor, and neurosensory outcomes across the 2 study periods. The odds of NDI in each study period was calculated using the NRN's standard definitions and compared between groups using logistic regression models, controlling for maternal age, maternal education, race, public insurance; antenatal steroid use, cesarean delivery, birth weight, GA, multiple birth, sex, IVH grade 3-4/cystic PVL, NEC, sepsis, BPD, ROP, postnatal steroid use, ventilation days, length of hospital stay, adjusted age at follow-up, and NRN center. To further explore possible sources of discrepancies in NDI rates between the 2 study periods, comparisons were repeated to determine whether modifying the threshold for the Bayley III and/or adding in the language composite would produce NDI rates comparable to those with the Bayley II. Finally, we investigated the ability of the Bayley II and III to detect NDI among children with major neonatal morbidities, including BPD, NEC, IVH grade 3-4/cystic PVL, and culture-positive early-or late-onset sepsis, as a test of construct validity. Logistic regression analyses were performed to evaluate the independent associations between major neonatal morbidities and NDI, controlling for the aforementioned covariates.
Results
Maternal and infant characteristics are presented in Table II (available at www.jpeds.com). There were slight differences between the study periods for the samples before matching. Study period 2 included slightly more educated mothers, 3% more children who received antenatal steroids, and 5% fewer children with ROP or sepsis. In unadjusted analyses, Bayley III Cog scores were significantly higher than Bayley II MDI scores, and fewer children were classified as impaired, regardless of whether a threshold of 70 or 85 was used (Table III) . The Bayley III motor composite score was 6 points higher than the Bayley II PDI. Significantly fewer children in period 2 had moderate/severe CP and bilateral hearing loss in period 2, but there were no between-group differences in the rate of vision impairment. The combined rate of CP, blindness, and hearing loss decreased from 9% in period 1 to 7% in period 2.
With the use of propensity score matching for the sample selection, there were no significant differences between the matched samples in maternal and infant characteristics (Table II) or CA at follow-up, CP, GMFCS, and vision and hearing impairment (Table III) . However, even after matching the samples on these characteristics, significant differences in Bayley scores remained (Table III) .
Using the standard NRN definitions, 43% of children in study period 1 were classified as NDI, compared with 13% in period 2 (Table IV) . When the threshold for the Cog score was raised from 70 to 80 for the period 2 definition, the percentage of NDI increased from 13% to 22%. Maintaining a threshold of 70 and combining the children with a language score or Cog score <70 resulted in a 23% NDI rate in period 2; the combination of Cog or language score with a threshold of 80 resulted in an NDI rate of 47%. The differences in NDI rate between the 2 study periods were similar in the matched samples (Table IV) . Applying the NRN standard definitions, the NDI rate was 43% in period 1 and 14% in period 2.
Another factor that needs to be addressed is the NRN's use of a GMFCS score ≥2 as an independent indicator of motor impairment for a limited time during period 2. The rate was 7%-8%. During the time when both the GMFCS and Bayley III motor composite were administered, 7% of children had a GMFCS score ≥2 and 14% had a Bayley III motor composite score <70. This finding demonstrates the importance of administering the complete Bayley motor test. Despite the use of the complete Bayley III motor assessment, the percentage that met the NRN criteria for NDI was still only half of that with a PDI <70 and reinforces the fact that the GMFCS is meant to identify gross motor function only. This was confirmed in our analyses of matched cohorts, with 8% with a GMFCS score ≥2, 15% with a Bayley III motor composite score <70, and 25% with a Bayley II PDI <70. This finding suggests that the Bayley III motor score is 40% less likely to identify disability than the Bayley II PDI and 47% more likely to identify disability than the GMFCS.
Table IV also presents the unadjusted and adjusted ORs of being diagnosed with NDI during period 2 compared with period 1. After controlling for demographic data, medical risk factors, and research center, there were significant differences in NDI rates across the 2 study periods. For all but 3 of the definitions (Cog/language <80 and <85; Cog/motor/ language <80), children in period 2 had significantly lower odds of NDI. These findings are consistent with data from the analysis of matched samples.
We performed regression analyses to assess the relationship between neonatal morbidities and the standard NRN definition of NDI during the 2 time periods. During both study periods and for both the original and matched sample comparisons, in unadjusted analyses a threshold of 70 clearly differentiated the increased risk of NDI for all 4 morbidities. NDI rates for any of the 4 morbidities were significantly lower during period 2. For example, 54% of infants with BPD had NDI during period 1, compared with 17% during period 2. In addition, 30% of infants without BPD had NDI during period 1, compared with only 8% during period 2. In adjusted analyses, only infants with IVH grade 3-4 or cystic PVL were considered at significantly increased risk for NDI during both period 1 (OR, 2.36; 95% CI, 1.57-3.55) and period 2 (OR, 5.06; 95% CI, 3.04-8.43) (Table V) .
Discussion
Our findings support our hypothesis that Bayley III Cog scores are higher than Bayley II MDI scores. This is not surprising, given that the Bayley III manual states that the Cog scores are 7 points higher than the Bayley II MDI; in our cohort, they were 11 points higher. This difference of 4 points is small but represents one-quarter SD and thus is potentially clinically significant.
The reasons for this difference are not clear. The Bayley III separation of language and Cog scores was developed to minimize effects of language delay on the cognitive assessment. Intelligence tests invariably separate verbal IQ from performance IQ. Thus, this separation may result in a cognitive index that is more closely associated with school-age cognitive performance and facilitates the identification of children needing speech therapy. Evidence will be reviewed to examine the validity of the Bayley III compared with the Bayley II.
Outcome studies with the Bayley II consistently identified high rates of cognitive impairments in this age agroup. [1] [2] [3] [4] [5] 11 In contrast, studies of PT children at school age are more likely to report mean Cog scores within 1 SD of the normed mean. [13] [14] [15] Evaluating the stability of developmental outcomes between age 18-24 months and school age is limited by intervening events, changes in the classification of cognitive disability, 16 and methodological issues, including the fact that intelligence tests are more psychometrically sophisticated. [17] [18] [19] Hack et al 13 examined the predictive validity of the Bayley II in ELBW infants and found a drop in the rate of cognitive impairment from 39% at 20 months to 16% at 8 years. Roberts et al 16 compared very PT children at age 2 years using the Bayley II MDI and at age 8 years using the Wechsler Intelligence Scale for Children IV IQ 20 and identified poor stability of disability classification. Those studies suggest that the Bayley II may overidentify moderate to severe cognitive impairment.
The opposing argument is that the lack of association between early Bayley II scores and IQ scores at older ages is secondary to the fact that PT children have real cognitive deficits at early ages that recover over time. If this is the case, then the Bayley III may be underidentifying transient impairments that would benefit from early intervention. Anderson et al 21 reported that the Bayley III underestimates the delay in both PT and term children at age 2 years. Their mean Bayley III Cog scores of both PT infants (96.9 ± 14) and term infants (108.9 ± 14) were higher than expected. Moderate to severe cognitive delay on the Bayley III was identified in only 3% of their PT cohort, compared with 8% of the NRN cohort. Only 7% of their cohort had a language score >2 SD below the mean, compared with 20% of the NRN cohort. Studies of early outcomes of ELBW infants from Australia consistently report higher cognitive scores than US studies. 22, 23 A study of PT children (GA <30 weeks) at age 2 years found that 19%-20% of Bayley III language scores and 10%-12% of Cog scores were >2 SD below the mean, consistent with the findings in our cohort. 24 The Bayley II and III tests have some unique characteristics that may be contributing to the changes in scores. Of the 30 language items included in the Bayley II MDI, 24 (80%) are also used in the Bayley III language score. The content of some items has changed, however; for example, question 127 of Bayley II states that the child must use a 3-word sentence, whereas in the Bayley III, this is changed to 2 multiple-word utterances. Four (13%) Bayley II language items that were a part of the MDI are now included in the Bayley III Cog scale, and 2 items (6%) were dropped. In addition, the Bayley II uses item sets with established start and stop points, which may establish an artificial ceiling. The Bayley III also has a start point based on age, but the examiner continues with the test items until the child misses 5 in a row. This allows a bright child to achieve a higher level. It is apparent that the changes in the test design, test items, and method of test administration that may contribute to higher scores. It also remains a concern that updating a cognitive test usually resets to lower rather than higher cognitive scores, and that the mean scores for the PT group in the standardization sample are high for both language (97.0 ± 17) and motor (96.4 ± 15).
As hypothesized, the NDI rate was reduced by 70% (from 43% in period 1 to 13% in period 2; P < .001) using the new definition of Bayley III Cog <70. The odds for NDI using this definition in period 2 were approximately one-seventh of those in period 1 after adjusting for important perinatal and neonatal confounders. Language and fine motor delays were not included in the period 2 NDI definition. Although a PDI of >2 SD below the mean was included in the definition in period 1, during period 2, a GMFCS score ≥2 was included to account for significant gross motor delay. Incorporating the Bayley III motor subtest, effective January 1, 2010, had minor effects on the NDI rate, increasing it from 13% to 18%. In the matched comparisons, Bayley III motor scores were 5 points higher than PDI scores. Other changes affected NDI during period 2, however; mothers were more likely to receive antenatal steroids and to have a high school diploma, and infants were less likely to have ROP and sepsis.
We performed additional analyses to determine the impact of various components of NDI. The addition of a low language score increased the NDI rate to 23%. A Cog index of <85 was most comparable with the period 1 NDI rate (32% vs 43%; P < .001), an 11% difference. Of interest, the rates of components of NDI other than Bayley Cog score also decreased in period 2, including moderate to severe CP (from 8% to 6%), low motor score (from 26% to 14%), and bilateral hearing loss (from 3% to 2%). These data suggest that in addition to the significant changes in Bayley scores, there is also some small, but actual improvement in other outcomes as well. Other investigators have reported a decreased rate of CP in ELBW infants. 25, 26 Our findings suggest that there are limitations to the use of NDI over time, and that neurosensory outcomes should be reported separately from cognitive and language outcomes rather than as a combined outcome. We might have been overidentifying major cognitive impairment and underidentifying minor cognitive impairments with a Bayley II threshold of 70. Further study is needed to examine whether children with lesser degrees of cognitive impairment (70-85) on the Bayley III at 18 months CA are at increased risk for school-age learning disorders. A comparison of major neurosensory impairments (CP, bilateral blindness, bilateral hearing impairment) for the 2 time periods in matched samples found that the rate remained stable in adjusted analyses, at 9% for period 1 and 8% for period 2. Identification of a specified outcome that matches the study or clinical objective is the goal.
The establishment of a threshold both for outcomes of a trial and eligibility for services has clinical significance. Because Bayley III Cog scores are higher, eligibility for early intervention may be affected in some states. Thus, it is recommended that all ELBW infants be offered early intervention services. A 2011 Pediatric Academic Societies presentation by investigators from the EPICure study addressed the issue of threshold. These investigators developed an equation to determine equivalency from their cohort of extremely PT children at age 29-41 months, and concluded that a Bayley II MDI score of <70 was equivalent to a Bayley III Cog score of <80 in predicting NDI. 27 Our data support an equivalent cutpoint of 80-85.
Although rates of the 4 major neonatal medical morbidities remained unchanged between the 2 study periods, the proportion of children with and without a risk factor who had NDI dropped significantly. After adjusting for multiple confounders, during both study periods, only IVH grade 3-4/PVL was significantly associated with increased risk of NDI. The magnitude of the association with NDI was almost doubled in period 2, suggesting that by being more discriminatory, the Bayley III may be bringing expected associations between major neurologic morbidities and NDI into sharper relief. In other words, children with the lowest Bayley III scores are more likely to have a severe disability than those with the lowest Bayley II scores. It also suggests that the Bayley III is not effective in identifying mild developmental delay, and thus may reflect limited sensitivity at this age.
Differences in Bayley scores or the rate of NDI between the 2 study periods also may be related to changes in risk factors over time. The use of propensity score matching minimized possible differences in the risk factors studied between the 2 periods; however, it is possible that NDI rates in the 2 periods may be affected by other unmeasured factors or secular trends toward better cognitive outcomes over time. Other limitations of the present study are the lack of a full-term comparison group and only a single assessment of cognitive function. In addition, the NRN cohort is a unique population of ELBW infants from major neonatal intensive care units in the United States, and the findings can be compared only with similar cohorts of infants.
Whether the Bayley III is overestimating cognitive performance or whether it is a more valid assessment of emerging cognitive skills than Bayley II is unclear. Our findings indicate possible weaknesses in the reference standard test most commonly used in clinical trials and suggest that Bayley III scores should be interpreted with caution until these issues are clarified. Finally, because the determinants of cognitive outcomes at school age are multifactorial, the predictive value of tests administered at age 18-24 months will never approach 100%. Children meeting the criteria for any of the 4 components are classified as having an NDI. For comparison purposes, we used the period 1 definition of hearing loss for both cohorts in our analyses.
Table II
Maternal and infant characteristics by study period .368
Education, n (%) Less than high school 202 (20) 288 (18) .027
196 (21) 192 (21) .819
High school graduate 489 (48) 913 (56)
.020
481 (52) 485 (53) .852
Some college or more 250 (25) 409 (25) .517
245 (27) 245 (27) 1.000
Public insurance, n (%) (22) 389 (24) .213
201 (22) 204 (22) .866
Cesarean delivery, n (%) .591
Postnatal steroids, n (%) 146 (14) 259 (16) .209
132 (14) 135 (15) . (9) 162 (10) .519
84 (9) 93 (10) .477
IVH grade 3-4/PVL, n (%) 178 (18) 277 (17) .778
156 (17) 157 (17) . (16) 202 (13) .007
144 (16) 140 (15) .796
Moderate/severe CP, n (%) 76 (8) 90 (6) .046 65 (7) 60 (7) .643
GMFCS ≥2, n (%) 82 (8) 117 (7) .426
70 (8) 74 (8) . .039
23 (2) 23 (2) 1.000 CP, vision or hearing impairment 95 (9) 113 (7) .027
79 (9) 78 (8) . Percentages are the proportion of children with (or without) the risk factor who have NDI (eg, 54% of children in period 1 with oxygen at 36 weeks had NDI). Adjusted ORs control for maternal age, education, race, public insurance, antenatal asteroids, cesarean delivery, birth weight, GA, multiple birth, sex, IVH 3-4/PVL, NEC, culture-positive sepsis, supplemental oxygen at 36 weeks, ROP, postnatal steroids, ventilation days, duration of hospital stay, center, and adjusted age at follow-up visit.
* P < .05. † P < .01. ‡ P < .001.
